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ductor (111) constituted by a plurality of conductor lines 



(ila, lib and He). The coil conductor (111) is provided in 
the form of a spiral. The planar coil 11 is interposed be- 
tween two insulating layers (12) which are sandwiched 
between two soft-magnetic layers (13). 
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Description 

The present invention relates to a planar magnetic device for use in various high-frequency components, such as 
a choke coil and a transformer which are to be incorporated into a switching power supply. 
5 As is demanded in the so-called multimedia age which has come recently, various portable electronic apparatuses 

are made smaller, thinner lighter and more efficient. This owes much to the increased integration density of electronic 
circuits, which has been made possible by advanced LSI technology, advancements in component-mounting technol- 
ogy, and the development of high-energy battery cells (e.g., lithium cell and nickel-hydrogen cells). 

The power-supply section of such an electronic apparatus has a switching type power supply which is a stable 
io one. It is considered difficult to reduce the size and weight of the switching type power supply, without impairing the 
high power-converting efficiency of the power supply. The size, weight and manufacturing cost of the switching type 
power supply remains the same, while the those of the other components of the electronic apparatus are successfully 
reduced. Inevitably the switching type power supply becomes increasingly responsible for the size, weight and cost of 
the apparatus. 

is To reduce the size and weight of the switching type power supply, the switching frequency of the power supply 

may be increased so that the power supply may incorporate a small power-supply component, such as a small inductor, 
a small transformer or a small capacitor. Here arises a problem. The higher the switching frequency, the greater the 
energy loss in the small power-supply component, and lower the power-converting efficiency of the switching type 
power supply. To enable the power supply to convert high-frequency power efficiently, it is absolutely required that the 

20 small power-supply component should have but a small energy loss. Further, magnetic components, such as an in- 
ductor and a transformer, can hardly be made thinner. It therefore remains difficult to provide a switching type power 
supply which is sufficiently thin. 

To provide a switching type power supply which is very small and thin, it has been proposed that a planar inductor 
or transformer be used which comprises a planar coil and a soft-magnetic film. FIG. 1 A shows a conventional planar 

25 inductor. The planar inductor has a planar coil 1 which is generally square as shown in FIG. 1 B. As shown in FIG. 1 A, 
the coil 1 is interposed between two insulating layers 2. which are sandwiched between two soft-magnetic layers 3. 

The planar inductor has the frequency characteristic illustrated in FIG. 2. As the higher the frequency f increases, 
the equivalent series resistance R rapidly increases, while the inductance L remains almost unchanged. The quality 
factor Q remains less than 10. Any inductance element whose quality factor Q is more than 10 is generally considered 

30 a good one. The higher the quality factor, the better. It is therefore demanded that the quality factor Q of planar inductors 
be increased. The high-frequency loss in each soft-magnetic layer 3 and the high-frequency loss in the planar coil 1 
are regarded as preventing an increase in the quality factor Q of the planar inductor. (High-frequency loss of soft- 
magnetic layer is an eddy-current loss or a hysteresis loss.) 

A new type of a planar inductor has been invented, which is shown in FIG. 3. This inc' ;ctor comprises two insulating 

35 films (not shown), a planar coil 4 interposed between the insulating films, and two sofl-:nv;qnetic layers 5 provided on 
the insulating films, respectively. The planar coil 4 is oblate as a whole. The soft-magnetic layers 5 are made of uniaxial 
anisotropic material, have a hard axis of magnetization and are magnetized in rotation magnetization mode. The eddy- 
current toss made in the layers 5 is therefore small. As a result, a decrease of the high-frequency loss in the layers 5 
can be well expected. 

40 The planar inductor shown in FIG. 3 has the frequency characteristics illustrated in FIG. 4. As FIG. 4 shows, the 

quality factor Q of the planar inductor is less than 10. at the most. 

The inventors hereof analyzed the high-frequency loss in planar inductors, each comprising two soft-magnetic 

layers, two insulating layers sandwiched between the soft-magnetic layers and a spiral planar coil interposed between 

the insulating layers. The results of the analysis were as follows: 
45 An inductor shown in FIG. 5 A, comprising two soft -magnetic layers 8, two insulating layers 7 interposed between 

the layers 8 and a spiral planar coil 6 interposed between the insulating layers 7, had an internal magnetic flux. The 

flux consisted of an in-plane component Bi and a vertical component Bg, with respect to the soft-magnetic layers 8. 

These components Bi and Bg were distributed as illustrated in FIG. 5B. 

Another inductor shown in FIG. 6A, identical to the inductor of FIG. 5A except ;i \ a meandering planar coil 9 
50 replaced the spiral one, had an internal magnetic flux The flux consisted of an in-plane component Bi and a vertical 

component Bg with respect to the soft-magnetic layers 3. These components Bi and Bg were distributed as illustrated 

in FIG. 6B. 

From the in-plane component Bi of the magnetic flux which extending through the soft-magnetic layers 8 there 
was generated an eddy currents jm : p, which flowed in the direction of thickness of c- ;ner soft-magnetic layers 8 as 
55 illustrated in FIG. 7. Similarly, from the vertical component Bg of the magnetic flux there was generated an eddy currents 
jm.i, which flowed in the surface direction of either soft-magnetic layers 8 as shown in FIG. 8. 

In each of the inductors shown in FIGS. 5A and 6A. the vertical component Bg extending through the kth conductor 
10 of the planar coil (6 or 9) generated an eddy current jc : l which flows along the coil conductor line 10 as shown in 
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FIG 9 In Ihe spiral planar coil 6 of the inductor shown in FIG. 5A, the vertical component Bg extended in the same 
direction over the entire width of the coil conductor 10. Hence, as shown in FIG. 10, the density of a h.gh-frequency 
current flowing through the coil conductor 10 was high at one end of the coil conductor 10 and low at the other end 
thereof That is. the current density was markedly not uniform in the coil conductor 10. 

in other words, the high-frequency current did not flow uniformly through the coil conductor 10. Rather, it flowed 
concentratedly through one end of the coil conductor 10. The resistance of the coil conductor 10 inevitably increased 
very much, making a large high frequency loss. This loss is considered to make it difficult to increase the quality factor 
Q of the planar inductor. <iu , ., KKoHH ™ 

Furthermore, the inventors studied the increase in the high-frequency res.stance of the planar coil, which had been 



caused by the vertical component Bg of the magnetic flux. As seen from FIG. 9, the vertical component Bg extended 
upwards through the kth coil conductor 10. It extended in the same direction through the same coil conductor 10. (In 
FIG 9 Bgk(x) represents the density of the vertical component extending through the kth coil conductor 10.) The 
current" flowing in the coil conductor 10 was distributed in the coil conductor 10 as indicated in FIG. 10. Namely, the 



current density was high in the left end of the coil conductor 10 and low in the right end thereof. This is because the 
eddy current id generated from a vertical alternating magnetic flux was superposed on a current I supplied from an 
external power supply. Assuming that the density Bgk(x) of the vertical component extending through the kth coil 
conductor 10 is a constant one Bgk, the resistance Rc(f) the coil conductor 10 has at frequency f is given as: 



Rc(f) 



= Rc(0) 



1 + 



47t 2 f 2 - tc 2 • d 4 k=l 



]T Bgk 2 • lk 



12p^ 



n 
k=l 



where Rc(0) is the direct-current resistance of the coil conductor 10, tc is the thickness thereof, d is the width thereof, 
p is the resistivity thereof, and Ik is the length thereof. 

The resistance Rc(f) of the coil conductor 10, calculated by the equation (1 ), increases with the frequency f, along 
a curve a shown in FIG 1 1 . As the curve a shows, the calculated resistance Rc(f) increases with the frequency, almost 
in the same manner as the measured equivalent series resistance R of the conventional planar inductor (FIG. 2), as 
is shown in FIG. 2 and as is indicated by a curve b in FIG. 11 

As FIG 11 shows the region between the calculated value a and measured value b indicates the increase of 
resistance R which has resulted from the high-frequency loss made at the soft-magnetic layers 8. This increase is far 
less than the increase in the resistance of the planar coil itself. That is, in a planar magnetic device compns.ng two 
soft-magnetic layers and a planar coil interposed between these layers, a greater part of the h.gh-frequency loss is the 
loss in the coil conductor. The high-frequency loss in the coil conductor can be said to make it difficult to increase the 
quality factor Q of the planar magnetic device. 

• The conventional planar magnetic devices descried above are planar inductors. The planar transformers hitherto 
known have the same problem as the planar inductors. In a conventional planar transformer, the res.stance of the coil 
conductor increases in a high-frequency band, resulting in a high-frequency loss. This loss decreases the operat.ng 
efficiency of the planar transformer. . 

In view of the foregoing, the object of the present invention is to provide a planar magnetic device in which a high- 
frequency loss in a coil conductor can be reduced. 

A planar magnetic device according to the present invention comprises two soft-magnet.c layers, two insulating 
layers interposed between the layers, and at least one planar coil interposed between in the insulating layers. The 
planar coil comprises a coil conductor which is constituted by a plurality of conductor lines. With this structure it ts 
possible to suppress an increase in the resistance of the coil conductor, which occurs in a high-frequency band. The 
high-frequency loss in the coil conductor can therefore be decreased. 

In a planar magnetic device according to the above structure, one planar coil is sandwiched between two insulating 
layers which are interposed between two soft-magnetic layers. The high-frequency loss in the coil conductor can there- 
fore be reduced. The planar magnetic device can be used as a planar inductor which has its quality factor Q increased 

from a maximum value. 

Another planar magnetic device according to the above structure comprises at least two planar coils positioned 
one above another, insulating layers interposed among the at least two planar coils, two insulating layers sandwiching 
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the both planar coils, and two soft-magnetic layers sandwiching the two insulating layers. The high-frequency loss of 
the conductor of each planar coil is thereby decreased. This planar magnetic device can be used as a planar transformer 
which has an increased operating efficiency. 

Still another planar magnetic device according to this structure has a planar coil is constituted by two spiral planar 

5 coils arranged side by side in the same plane and electrically connected to each other. This planar magnetic device 
can make a planar inductor which has a high inductance. 

Another planar magnetic device according to this structure has soft-magnetic layers made of uniaxial anisotropic 
material and having a hard axis of magnetization and an easy axis of magnetization. An eddy-current loss of the soft- 
magnetic layer is small, whereby the high-frequency loss in the soft-magnetic layers can be reduced. 

w in each planar magnetic device described above, the at least one planar coil is an oblate spiral planar coil comprised 

of straight conductors located in hard direction of magnetization of the soft-magnetic layers and arcuate conductors 
located in easy direction of magnetization of the soft-magnetic layers. Alternatively.the at least one planar coil is a 
rectangular spiral planar coil comprised of conductors extending parallel to a major axis and located in hard direction 
of magnetization of the soft-magnetic layers and conductors extending parallel to a minor axis and located in easy 

i5 direction of magnetization of the soft -magnetic layers. Since the conductors, which form a greater part of the coil (oblate 
or rectangular), are positioned in the hard direction of magnetization, the coil can perform its function with high efficiency. 

Furthermore, each of the arcuate conductors of the oblate spiral coil is a single conductor or constituted by a 
plurality of conductor lines electrically connected in part, and each of the conductors of the rectangular spiral coil, which 
extend parallel to the minor axis, is a single conductor or constituted by a plurality of conductor lines electrically con- 

20 nected in part. Thus, even if some of the coil conductors are cut, the planar coil is not cut as a whole. 

Another planar magnetic device of this invention comprises at least one planar coil; a pad section to be connected 
to an external circuit; two insulating layers sandwiching the at least one planar coil and the pad section; and two soft- 
magnetic layers sandwiching the insulating layers and having a hole each, which is concentric with the pad section. 
In this device, small magnetic flux passes through the pad section. This suppresses generation of an eddy current in 

25 the pad section more reliably than otherwise. The power loss in the pad section is therefore smaller. 

Still another planar magnetic device according to the invention comprises at least one planar coil; a pad section 
which is to be connected to an external circuit and which has a plurality of notches cut in edges, the notches dividing 
the pad section into a plurality of regions; two insulating layers sandwiching the at least one planar coil and the pad 
section; and two soft-magnetic layers sandwiching the insulating layers. The notches divide the loop of an eddy current 

30 generated in the pad section when a magnetic flux passes through the section, into small eddy currents. In other words, 
the small currents are confined in the respective regions. The eddy-current loss in the entire pad section is less than 
otherwise. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

35 

FIGS. 1A and iBare diagrams illustrating a conventional planar inductor; 

FIG. 2 is graph representing the frequency characteristic of the planar inductor shown in FIGS. 1 A and 1B; 
FIG. 3 is a plan view of another conventional planar inductor; 

FIG. 4 is a graph illustrating the frequency characteristic of the planar inductor shown in FIG. 3; 
40 FIGS. 5A and 5B are diagrams showing how a magnetic flux is distributed in a conventional planar inductor having 

a spiral planar coil; 

FIGS. 6A and 6B are diagrams showing how a magnetic flux is distributed in a conventional planar inductor having 
a meandering planar coil; 

FIG. 7 is a perspective view of a soft-magnetic layer, explaining the eddy current generated from the in-face mag- 
^5 netic-flux component in a soft-magnetic layer; 

FIG. 8 is a perspective view of a soft-magnetic layer, explaining the eddy current generated from the vertical 
magnetic-flux component in a soft-magnetic layer; 

FIG. 9 is a perspective view of a soft-magnetic layer, explaining the eddy current generated from the vertical 
magnetic-flux component in a coil conductor; 
50 FIG. 10 is a graph representing the distribution of the high-frequency current density in a coil conductor; 

FIG. 11 is a graph illustrating how a measured coil resistance of a conventional planar inductor changes with 
frequency and also how a calculated coil resistance of the inductor changes with frequency; 
FIGS. 12A, 12B and 12C are diagrams showing the structure of a planar inductor which is a first embodiment of 
the present invention; 

5S FIG. 1 3 is a graph representing the frequency characteristic of the planar inductor shown in FIGS. 1 2A to 12C; 

FIGS. 14A, 14B and 14C are plane views of three different planar coils which can be incorporated in the planar 
inductor shown in FIGS. 12A to 12C; 

FIGS. 15Aand 15B are plane views of two different planar coils which can be incorporated in the planar inductor 
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shown in FIGS. 12A to 12C; 

FIG. 16 is a sectional view showing a planar transformer which is a second embodiment of the present invention: 
FIGS. 17 A and 17B are diagrams showing a planar inductor which is a third embodiment of this invention; 
FIGS. 18A. 18B, 18C and 18D are diagrams showing the coil conductors incorporated in the third embodiment; 
5 FIG. 1 9 is a graph indicating how the permeability of the soft-magnetic layer used in the third embodiment changes 

with frequency, when the layer is magnetized along the difficult axis of magnetization and the easy axis of mag- 
netization; 

FIGS. 20A, 20B and 20C are plan views of the coil conductor used in third embodiment, indicating the positions 
where the conductor is cut; 

io FIGS. 21 A and 21 B are diagrams showing a planar inductor which is a first modification of the third embodiment, 

comprising an oblate spiral planer coil; 

FIGS. 22A and 22B are diagrams showing a planar inductor which is a second modification of the third embodiment, 
comprising a rectangular spiral planer coil; 

FIGS. 23A and 23B are diagrams illustrating a planar inductor which is a third modification of the third embodiment, 
is comprising a meandering planer coil; 

FIGS. 24A and 24B are diagrams showing a planar inductor which is a fourth modification of the third embodiment, 
comprising two rectangular spiral planer coils; 

FIG. 25 is a sectional view of a conventional planar inductor, serving to describe a planar inductor which is a fourth 
embodiment of the present invention; 
20 FIG. 26 is a diagram explaining how an eddy current is generated at the pad section of the conventional planar 

inductor shown in FIG. 25; 

FIG. 27 is a sectional view showing a planar inductor which is a fourth embodiment of the present invention; 
FIG. 28 is a sectional view illustrating a modification of the fourth embodiment; and 

FIG. 29 is a diagram showing the pad section of the planar inductor according to a fifth embodiment of the present 
25 invention. 

Embodiments of the present invention will be described below, with reference to the accompanying drawings. 



First Embodiment 

FIGS. 12A : 12B and 12C show the structure of a planar inductor which is the first embodiment of the present 
invention As FIG. 12A shows, the planar inductor comprises a planar coil 11, two insulating layers 12 and two soft- 
magnetic layers 1 3. The coil 1 1 is interposed between the insulating layers 1 2. The layers 1 2 are sandwiched between 
the soft-magnetic layers 1 3. 

As shown in FIG. 12C, the planar coil 11 has a coil conductor 111 consisting of three conductor lines 11a, 11 band 
11c. The coil conductor 111 is a spiral as illustrated in FIG. 12B. Each of the conductor lines has been formed by 
performing, for example, photolithography on an conductive film such as a copper foil. The number of conductor lines 
forming the coil conductor 11 1 is not limited to three. The conductor 1 1 1 may be constituted by one conductor line, two 
conductor lines, or four or more conductor lines. 

The conductor lines 11a, 11b and 11c, which constitute the coil conductor 111, are extremely narrow. In each 
conductor line it is therefore possible to suppress the eddy current generated from a vertical alternating magnetic flux. 
Hence, the conductor lines 11a, 11b and 11c can render uniform the distribution of a high-frequency current density 
which is a combination of the eddy current and a current I supplied from an external power supply, the former superposed 
on the latter. In other words, the high-frequency current flows substantially uniformly in each conductor line. An increase 
in the resistance RcN(f) of the coil conductor 111 is thereby suppressed. This reduces the high-frequency loss in the 
coil conductor 111 . 

The resistance RcN(f) is given as: 



Rc, N(f ) 



= Rc(0) 



1 + 



4ti f 



tc 2 • d 4 



Z 
k = l 
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where Rc(0) is the direct-current resistance of each coil conductor, tc is the thickness thereof, d is the width thereof, 
p is the resistivity thereof, 1k is the length thereof, and N is the number of the conductor lines provided. In this embod- 
iment, N = 3. 

As can be understood from the equation (2), the increase in the coil resistance RcN(f), caused by the alternating 

5 current, is only 1/N 2 of the case where single conductor is used. 

As indicated above, the eddy current generated by a vertical alternating magnetic flux can be suppressed in each 
of the conductor lines 1 1 a. 1 1 b and 11c. Hence, the vertical alternating magnetic flux is stable because the eddy current 
generates the disturbing magnetic flux. Being stable, the vertical alternating magnetic flux imposes no adverse influence 
on the inductance L of the planar inductor. 

io A planar inductor of the structure shown in FIGS. 1 2A to 1 2C was made and tested for its characteristics. It exhibited 

the frequency characteristic illustrated in FIG. 13. As FIG. 13 shows, its inductance L remained almost unchanged 
even when the frequency f (Hz) was in the MHz-band. Additionally, an increase in the equivalent series resistance R 
was suppressed well. Furthermore, the high-frequency loss was markedly small. Still further, the quality factor Q was 
found to reach 12, well exceeding 10. 

is As shown in FIG. 12C, the planar coil 11 is a square spiral coil interposed between the insulating layers 12 sand- 

wiched between the soft-magnetic layers 1 3. (t may be replaced by a circular one as shown in FIG. 14A, an oblate one 
as shown in FIG. 14C, a rectangular one shown in FIG. 15A, or a meandering one shown in FIG i5B. Needless to 
say, it may be a square spiral planar coil of another type illustrated in FIG. 14B. The material of the magnetic layer 13 
is not limited. It may be either a ferrite-based one or a metal-based one. Whichever material it is made, the coil 11 is 

20 expected to have the same advantage. 

Second Embodiment 

FIG. 16 shows a planar transformer which is the second embodiment of this invention. As seen from FIG. 16, the 
25 planar transformer comprises two planar coils 1 5 : three insulating layers 1 6 and two soft-magnetic layers 1 7. The coils 
15 are sandwiched between the insulating layers 16, located one above the other interposing an insulating-layer 16 
between them. The layers 16 are sandwiched between the soft-magnetic layers 17. 

Each of the planar coils 1 5 has a coil conductor 151 consisting of three conductor lines 1 5a. 1 5b and 1 5c. The coil 
conductor 151 is a spiral. The number of conductor lines forming the conductor 151 is not limited to three. The conductor 
30 151 may be constituted by one conductor line, two conductor lines, or four or more conductor lines. A magnetic flux 
extends with respect to the planar coils 15 as indicated by the arrows shown in FIG. 16. 

A planar transformer of the type shown in FIG. 16 was made and tested for its operating efficiency. As in the planer 
inductor of the type shown in FIGS. 1 2A to 1 2C : the high-frequency loss in the coil conductors 1 51 was small in a high- 
frequency band. Therefore, the planar transformer exhibited an operation efficiency of 90%, much higher than that of 
35 the conventional planar transformer which is approximately 70%. 

Third Embodiment 

FIGS. 17Aand 1 7B show a planar inductor which is the third embodiment of the invention. As FIGS. 17Aand17B 

40 show, this inductor comprises a square spiral planar coil 21 , two insulating layers 22 and two soft-magnetic layers 23. 
The coil 21 is interposed between in the insulating layers 22, which are sandwiched between the soft-magnetic layers 
23. The soft-magnetic layers 23 are made of uniaxial anisotropic material. 

Made of uniaxial anisotropic material, the soft-magnetic layers 23 have a hard axis of magnetization and an easy 
axis of magnetization. The permeability p of each soft-magnetic layer 23 remains almost unchanged in a hard direction 

45 of magnetization irrespective of frequency f, as is indicated by line a in FIG. 19. By contrast, in an easy direction of 
magnetization, the permeability decreases as the frequency f rises as is indicated by a curve b in FIG. 19. As is 
known in the art, the magnetic-flux density in the high-frequency region is almost the same as in a hollow coil. 

The conductors 211 of the square spiral planar coil 21 , located in the hard direction of magnetization where each 
soft-magnetic layer 23 has a constant permeability \i in the high-frequency band, are constituted by three conductor 

50 lines 211a, 21 1b and 21 1c each, as is illustrated in FIG. 18A. The conductors 212 of the coil 21. located in the easy 
direction of magnetization, are constituted either by a single conductor or by three conductor lines 212a, 212b and 
212c electrically connected in part. Since the conductor lines 211a. 211b and 211c of each conductor 211 located in 
the hard direction of magnetization are electrically isolated from each other, an increase in the resistance of the coil 
21, which occurs in the high-frequency band, is reduced, thereby decreasing the high-frequency loss in the coil con- 

55 ductor. The conductors 212 of the coil 21 are constituted by a single conductor or conductor lines 212a, 21 2b and 212c 
electrically connected in part, because they are scarcely influenced by the vertical magnetic flux since they are located 
in the easy direction of magnetization, in which the magnetic-flux density is distributed in almost the same way as in 
a hollow coil. 
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As mentioned above, each conductor 21 1 of the planar coil 21 , located in the hard direction of magnetization, is 
formed of three conductor lines 21 1 a, 211 b and 211c, and an increase in the resistance of the coil 21, which occurs in 
the high-frequency band, is reduced, decreasing the high-frequency loss in the coil conductor. Hence, the planar in- 
ductor can have its quality factor Q increased to a maximum value. As indicated above, the conductors 21 2 of the coil 

21 located in the easy direction of magnetization, are constituted either by a single conductor or by three conductor 
lines 212a 212b and 212c electrically connected in part. In the easy direction of magnetization, each soft-magnetic 
layer 23 has a small permeability n in the high-frequency band and the magnetic-flux density is distributed in almost 
the same way as in a hollow coil. Therefore, the conductors 212 of the coil 21 are influenced but a very little by the 
vertical magnetic flux. An increase in the resistance of the coil 21 , which occurs in the high-frequency band, is reduced, 
thereby decreasing the high-frequency loss in the coil conductor. 

Needless to say, the conductor lines 212a, 212b and 21 2c are narrower than a single conductor which may be 
used to constitute each conductor 21 2 of the coil 21 . The narrower the conductor lines 21 2a, 21 2b and 21 2c, the higher 
the possibility that they are cut due to dust existing while they are being formed by photolithography. Nonetheless, the 
planar coil 21 will not be cut as a whole since the conductor lines 21 2a, 21 2b and 212c electrically connected in part 
in the easy direction of magnetization. Hence, the coil 21 can be manufactured at a high yield and at low cost. 

FIGS 20A, 20B and 20C are plan views of the planer coil 21 , indicating the positions A where the conductor lines 
211b 21 1 b and 21 1 c of some of the conductor 211 located in the difficult direction of magnetization are cut at positions 
A In the case shown in FIG. 20A, the conductors 21 2 located in the easy direction of magnetization are not cut since 
they are constituted by a single conductor each. In the case shown in FIGS. 20B and 20C, the conductors 21 2 are not 
cut, either, since each of them is constituted by the conductor lines 21 2a, 21 2b and 21 2c which are electrically connected 
in part Thus, the planar coil 21 is not cut as a whole in any of the cases shown in FIGS. 20A, 20B and 20C. 

As described above, the square spiral planar coil 21 is sandwiched between the insulating layers 22, the layers 

22 are sandwiched between the soft-magnetic layers 23, and the layers 23 are made of uniaxial anisotropic material. 
The third embodiment is not limited to the one shown in FIGS. 17A and 17B. A few modifications will be described, 
with reference to FIGS. 21 A to 24B. 

FIGS 21 A and 21 B show a planar inductor which is the first modification of the third embodiment. As is seen from 
FIGS 21 A and 21 B, this modification comprises an oblate spiral planer coil 31, two insulating layers 32 sandwiching 
the coil 31, and two soft-magnetic layers 33 sandwiching the insulating layers 32. The soft-magnetic layers 33 are 
made of uniaxial anisotropic magnetic material. 

FIGS 22Aand 22B illustrate the second modification of the third embodiment. The second modification comprises 
a rectangular spiral planar coil 41 , two insulating layers 42 sandwiching the coil 41 , and two soft-magnetic layers 43 
sandwiching the insulating layers 42. The soft-magnetic layers 43 are made of uniaxial anisotropic magnetic matenal. 

FIGS 23A and 23B show the third modification of the third embodiment. The third modification comprises a me- 
andering rectangular planer coil 51 . two insulating layers 52 sandwiching the soil 51 , and two soft-magnetic layers 53 
sandwiching the insulating layers 52. The soft-magnetic layers 53 are made of uniaxial anisotropic magnetic material. 

In the first modification (FIGS. 21 A and 21 B), the oblate spiral planar coil 31 is formed of conductors 311 extending 
substantially parallel to the major axis and conductors 312 extending substantially parallel to the minor axis. The con- 
ductors 311 are located in a hard direction of magnetization, each constituted by a plurality of conductor lines (not 
shown). The conductors 31 2 are arranged in an easy direction of magnetization, each constituted by a single conductor 
or by a plurality of conductors lines (not shown) which are electrically connected in part. Since the conductors 311, 
which form a greater part of the oblate coil 31, are positioned in the hard direction of magnetization, the coil 31 can 
perform its function with high efficiency. 

In the second modification (FIGS. 22A and 22B), the rectangular spiral planar coil 41 is formed of conductors 411 
extending lengthwise and conductors 412 extending widthwise. The conductors 411 are located in a hard direction of 
magnetization, each constituted by a plurality of conductor lines (not shown). The conductors 412 are arranged in an 
easy direction of magnetization, each constituted by a single conductor or by a plurality of conductors lines (not shown) 
which are electrically connected in part. Since the conductors 411, which form a greater part of the rectangular coil 41 , 
are positioned in the hard direction of magnetization, the coil 41 can operate efficiently. 

In the third modification (FIGS. 23A and 23B), the meandering rectangular spiral planar coil 51 is formed of straight 
conductors 51 1 and arcuate conductors 51 2. The straight conductors 51 are located in a hard direction of magnetization, 
each constituted by a plurality of conductor lines (not shown). The arcuate conductors 512 are arranged in an easy 
direction of magnetization, each constituted by a single conductor or by a plurality of conductors lines (not shown) 
which are electrically connected in part. Since the conductors 511, which form a greater part of the rectangular coil 51 , 
are positioned in the hard direction of magnetization, the coil 51 can operate with high efficiency. 

FIGS 24 A and 24B show a planar inductor which is fourth modification of the third embodiment. The fourth mod- 
ification is different from the first, second and third modifications in that two rectangular spiral planer coils 61 and 62 
are used instead of one planar coil. As shown in FIGS. 24A and 24B, the fourth modification further comprises two 
insulating layer 63 and two soft-magnetic layers 64. The coils 61 and 62 are interposed between the insulating layers 
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63, arranged side by side in the same plane and electrically connected in series to each other. The soft-magnetic layers 
64 are made of uniaxial anisotropic magnetic material. The first rectangular spiral planar coil 61 is formed of conductors 
611 extending lengthwise and located in a hard direction of magnetization and conductors 612 extending widthwise 
and located in an easy direction of magnetization. Each of the conductors 611 is constituted by a plurality of conductor 

s lines (not shown), whereas each of the conductors 61 2 is formed of a single conductor or a plurality of conductors lines 
(not shown) which are electrically connected in part. The second rectangular spiral planar coil 62 is formed of conductors 
621 extending lengthwise and located in the hard direction of magnetization and conductors 622 extending widthwise 
and located in the easy direction of magnetization. Each of the conductors 621 is constituted by a plurality of conductor 
lines (not shown), whereas each of the conductors 622 is formed of a single conductor or a plurality of conductors lines 

w (not shown) which are electrically connected in part. Since the conductors 611 which form a greater part of the first 
coil 61, and the conductors 621 which form a greater part of the second coil 62 are positioned in the hard direction of 
magnetization, both coils 61 and 62 can operate efficiently. Made of two rectangular coils 61 and 62, the planar inductor 
can have an inductance higher than those of the first to third modifications (FIGS. 21 A to 23B). 

As described above, any modification of the third embodiment has at least one spiral planar coil which is oblate 

is or rectangular and two soft-magnetic layers which are made of uniaxial anisotropic magnetic material. Nevertheless, 
the spiral planar coil may be replaced by a circular one, in which case the soft-magnetic layers should better be made 
of magnetically isotropic material. 

Fourth Embodiment 

20 

As described above, each of the planar magnetic devices according to the first, second and third embodiments 
has a planer coil which is interposed between two soft-magnetic layers. The magnetic flux crossing between upper 
and lower soft-magnetic layers not only increase the AC resistance of the planar coil conductor, but also results in a 
power loss also in a pad section provided for connecting the device to an external circuit. 

25 FIG. 25 shows a conventional planar inductor which has such a pad section. More precisely, this planer inductor 

comprises a planar coil 71, two insulating layers 72 ; a pad section 74, an upper soft-magnetic layer 731 and a lower 
soft-magnetic layer 732. The coil 71 and the pad section 74 interposed between the insulating layers 72. The layers 
72 are sandwiched between the soft -magnetic layers 731 and 732. The upper soft-magnetic layer 731 has a hole 731 a. 
The pad section 74 is located right below the hole 731a, so that bonding wires may extend through the hole 731a to 

30 be connected through the section 74 to an external circuit. 

In the planar inductor shown in FIG. 25, the planar coil 71 generates a magnetic flux <t>, which extends in the 
direction of the arrow shown in FIG. 25. Since the lower soft-magnetic layer 732 has no hole, that part which is located 
below the pad section 74 absorbs the magnetic flux $A. The flux $A inevitably passes through the entire pad section 
74, while extending toward the upper soft-magnetic layer 731 . An eddy current i is generated from the flux <J»A passing 

35 through the pad section 74, as is shown in FIG. 26. The eddy current i results in a power loss in the pad section, which 
increases the AC resistance of the planar coil conductor. 

FIG. 27 shows a planar inductor according to the fourth embodiment, in which generation of an eddy current in 
the pad section is suppressed, thereby minimize an increase in the AC resistance of the inductor. In FIG. 27, the 
components similar or identical to those shown in FIG. 25 are designated at the same reference numerals. 

40 As illustrated in FIG. 27, the fourth embodiment comprises a planar coil 71, two insulating layers 72 sandwiching 

the coil 71 , a pad section 74 interposed between the layers 72. two soft-magnetic layers 731 and 732 sandwiching the 
insulating layers 72. The upper soft-magnetic layer 731 has a hole 731a located right above the pad section 74, and 
the lower soft-magnetic layer 732 has a hole 732a located right below the pad section 74. Both holes 731a and 732a 
are larger than the pad section 74. 

45 The holes 731 a and 732a of the soft -magnetic layers 731 and 732 are located above and below the pad section 

74 and are much larger than the pad section 74. This means that the soft-magnetic layers 731 and 732 have no layers 
between which a magnetic flux may extend to pass through the pad section 74. Virtually no portion of the magnetic 
flux 4>A passes through the pad section 74, and virtually no eddy current is generated in the pad section 74. The power 
loss in the pad section 74 is therefore small, minimizing the AC resistance of the planar inductor. Hence, the planar 

50 inductor can operate with high efficiency. 

FIG. 28 shows a modification of the fourth embodiment. The modified planar inductor differs from the planar inductor 
shown in FIG. 27 in that a hollow magnetic bypass 733 is interposed between the insulating layers 72. The bypass 
733 has a size equal to the size of the holes 731a and 732a and connects the soft-magnetic layers 731 and 732. 
In the modified planar inductor shown in FIG. 28, all magnetic flux$ extending from the lower soft-magnetic layer 

55 732 toward the upper soft-magnetic layer 731 passes through the bypass 733. No magnetic flux passes through the 
pad section 74. This suppresses generation of an eddy current in the pad section 74 more reliably than in the fourth 
embodiment (FIG. 27). The power loss in the pad section 74 is therefore smaller. The modified planar inductor has an 
AC resistance lower than that of the inductor shown in FIG. 27 and can operate with a higher efficiency. 
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Fifth Embodiment 



FIG 29 shows the pad section of a planar inductor which is the fifth embodiment of the present invention. The fifth 
embodiment is characterized in that the pad section has a number of notches to reduce the influence of an eddy current, 
whereas an eddy current in the pad section 74 is suppressed for the same objective in the fourth embodiment. 

More specifically as shown in FIG. 29 : eight notches 82 are cut in the four corners and four sides of a square pad 
section 81 all extending to the center part. The notches 82 thus cut divides the pad section 81 into eight regions 811 . 
The regions 811 are electrically connected at the center part of the pad section 81. As shown tn FIG. 29. the upper 
soft-magnetic layer 83 has a hole 831 , exactly in the same way as in the fourth embodiment shown in FIG. 27. 

Suppose a magnetic flux 0A passes through the center part of the pad section 81 , generating an eddy current in 
the section 81 Then, the notches 82 divide the loop of the eddy current into small eddy currents iAa, which are confined 
'in the respective regions 811 . The power loss in the entire pad section 81 , which results from the small eddy currents 
iAa, is less than in the case where the section 81 has no notches at all. The planar inductor therefore has a relatively 
low AC resistance and can operate with a higher efficiency. 

As has been described above, an increase in the resistance of the planar coil conductor, which occurs in a high- 
frequency band can be suppressed in any embodiment of the present invention. The high-frequency loss can therefore 
be reduced in the planar magnetic device of the present invention. Hence, the device can have its quahty factor Q 
increased to a maximum value. It can efficiently function as either a planar inductor or a planar transformer. 

The planar magnetic device according to this invention may have two spiral planar coils arranged side by side in 
the same plane and electrically connected to each other. In this case, the device can be used as a planar inductor 
which has a large inductance. 

The eddy current generated in the soft-magnetic layers incorporated in the planar magnetic device of the invention 
is small since the layers are made of uniaxial anisotropic material. Thus, the high-frequency loss in the soft-magnetic 
layers is proportionally small. Further, the planar coil or coils prov.ded in the planar device perform their function with 
high efficiency since a greater part of the coil or coils is located in a difficult direction of magnetization. Additionally, 
the planar coil 21 is not cut as a whole even if some of the coil conductors are cut. The planar coil can. therefore, be 
manufactured at a high yield and at low cost. 

Moreover the present invention can provide a planar magnetic device comprising two soft-magnetic layers, a 
planar coil interposed between the layers and having an opening at the center, and a pad section interposed between 
the layers and located in the opening of the coil. The soft-magnetic layers have a hole each, which is larger than the 
pad section and concentric with the pad section. Hence, no portion of the magnetic flux extending from one soft- 
magnetic layer to the other soft-magnetic layer passes through the pad section. This suppresses generat.on of an eddy 
current in the pad section. The power loss in the pad section is therefore small. The planar magnetic device has a 
relatively low AC resistance and can operate with a high efficiency. 

Furthermore, the present invention can provide a planar magnetic device in which a number of notches are cut in 
the pad section, dividing the section into a plurality of regions. The notches divide the loop of an eddy current generated 
in the pad section when a magnetic flux passes through the section, into small eddy currents. In other words, the small 
currents are confined in the respective regions. The power loss in the entire pad section, which results from the small 
eddy currents is less than otherwise. The planar magnetic device therefore has a relatively low AC resistance and 
can operate with a high efficiency. Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific details, and representative devices shown 
and described herein. Accordingly, various modifications may be made without departing from the spirit or scope of 
the general inventive concept as defined by the appended claims and their equivalents. 

Claims 

1 A planar magnetic device comprising at least one planar coil (11. 15, 21. 31, 41, 51, 61, 62, 71), two insulating 
layers (12, 22, 32, 42, 52, 63, 72) sandwiching said coil (11, 15, 21, 31, 41, 51, 61, 62, 71), and two soft-magnetic 
layers (13 23 33 43, 53, 64, 731. 732, 83) sandwiching said insulating layers (12, 22, 32, 42. 52, 63, 72). char- 
acterized in that said coil (11 , 15. 21, 31, 41 , 51 61, 62, 71) is formed of a coil conductor consisting of a plurality 
of conductor lines (111, 151 . 211, 311, 411 . 511 , 61 1 , 621 ). 

2 A device according to claim 1 , characterized in that said coil ( 1 1 , 1 5, 2 1 , 31 , 4 1 , 51 . 61 , 62, 7 1 ) is formed by forming 
a conductive film on one of said insulating layers (1 2. 22, 32, 42, 52. 63. 72) and removing a part of the conductive 
film. 

3. A device according to claim 1 . characterized by one planar cell (11,21,31.41.51.71) which is sandwiched between 
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said insulating layers (12, 22, 32, 42, 52, 72). 

4. A device according to claim 1 characterized by at least two planar coils (15) which are sandwiched between said 
insulating layers and positioned one above another and insulating layers which are interposed between said at 

s least two planar coils ( 1 5). 

5. A device according to claim 2, characterized in that said coil (61 , 62) is constituted by two spiral planar coils (61 , 
62) arranged side by side in the same plane and electrically connected to each other. 

w 6. A device according to any preceding claim characterized in that said soft-magnetic layers (23, 33, 43, 53, 64) are 
made of uniaxial anisotropic material and have a hard axis of magnetization and an easy axis of magnetization. 

7. A device according to claim 6, characterized in that said at least one planar coil (31 ) is an oblate spiral planar coil 
(31) comprised of straight conductors (311) located in the hard direction of magnetization of said soft-magnetic 

is layers (33) and arcuate conductors (31 2) located in the easy direction of magnetization of said soft-magnetic layers 

(33). or is a rectangular spiral planar coil (41, 61, 62) comprised of conductors (411, 611, 621) extending parallel 
to as major axis and located in the hard direction of magnetization of said soft-magnetic layers (43, 64) and con- 
ductors (412, 612, 622) extending parallel to a minor axis and located in the easy direction of magnetization of 
said soft-magnetic layers (43, 64). 

20 

8. A device according to claim 7, characterized in that each of the arcuate conductors (31 2) of said oblate spiral coil 
(31) is a single conductor or electrically connected in part, and each of the conductors (412, 612, 622) of said 
rectangular spiral coil (41, 61 , 62), which extend parallel to the minor axis : is a single conductor or constituted by 
a plurality of conductor lines electrically connected in part. 

25 

9. A planar magnetic device comprising: 

at least one planar coil (71); 

a pad section (74) to be connected to an external circuit; 
30 two insulating layers (72) sandwiching said at least one planar coil (71); and 

two soft-magnetic layers (731, 732) sandwiching said insulating layers (72) and each having a hole (731a, 
732a) in the region of said pad section (74). 

10. A device according to claim 9, characterized by further comprising a magnetic bypass (733) soft -magnetic layers 
35 (731 , 732) and connecting said soft-magnetic layers (731 , 732). 

11. A planar magnetic device comprising: 

at least one planar coil: 

40 a pad section (81 ) which is to be connected to an external circuit and which has a plurality of notches cut in 

edges, said notches dividing the pad section into a plurality of regions (811); 
two insulating layers sandwiching said at least one planar coil; and 
two soft-magnetic layers (83) sandwiching said insulating layers. 

45 1 2. A device according to claim 1 1 , characterized in that each of said soft-magnetic layers (83) has a hole (831 ) in the 
region of said pad section (81). 
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